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NACA ~No. 1.$E25

NATIONJKLAD7TSORY COMMITTEE FOR AERONAWICS ‘

RESEARCH MEMORANDUM

FKEEX?LIGHT lX’VZSTIGATIONAT TRANSONIC AND SUPERSONIC SIEEDS

OF THE ROILING-EFFECTIVENESS QF A k2.~ SWEPI’BACK

WIZMGHATU’7GPAR‘TIKksTAN AILERONS

By Carl A. Sandshl

SUMMARY

h investigation of the rolling effectiveness at trmonic ~ s~Pe~ _
sonic speeds of perrtial-spanailerons on a 42.7° sweptback wing having
symmetrical circulsr+arc airfoil.sections of l&percent thiclmess ratio
normal t@ the wing quarte~hord line has been made by means of rocket-
propqlled test vehicles. The results showed that with 5° aileron defle-
tion, the rolling effectiveness decreased almuptly at about Mach ntiber
0.90, was reversed between Mach nunibers0.94 and 1.0, smd again became
positive above Mach nuniber1.0. With 10° aileron deflection, no ailercm
reversal was obtained. G@d agreement with regard to rolling effective-
ness was obtained with data from supersonic wind-tunnel tests made at
Mach number 1.9.

INTRCIDUCTION

~ the cour;e of en investigation of wi~ileron rolli~ffective-
ness characteristics at trsnsonic smi supersonic speeds being conducted
by the Pilotless Aircraft Research Division of the Langley Aeronautical

—-

Kboratory utilizing ropket+pzzopelledtest vehicles in free flight, a
wing-aileron configuration having a relatively large thickzmss ratio was
tested. The wing tested was sweptback 4(P at the qusrte=hord line,
had en aspect ratio of 4.0, a taper ratio of 0.5, and employed symmetrical
circul~ c airfoil sections of l&percent thiclmess ratio (NACA 2E+(50)
(05)-(50) (05) ) normal to the wing quarte=hmrd line. The ailerons were _
hinged at the 0.8 chcmd line end extended over the outboard @lQf=the
semispan. “Fourflight tests were nmde: two with.the aile.r@”?ldfI@@
5° and two with the ailerons deflected 10o. The tests, w~ich~were made.by
meems of the frec+flight technique described in referen,c$i%l.- 2“,jpermit

Le.the evaluation of the wi~ileron rolling eff.ectivene@.over the’ ch
n~er range from about 0.6 to 1.8 at rel-ativelybrge’~c~; The t~sts
were made during January 19k8. \::.
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2 NACA R.MNo. L8E25

SYMBOLS ““

wi~tip helti..smgle,radians

drag coefficient lmsed on total expose d,wingsxea of
1.563 square feet ..: ,.

deflection of each aileron measured in plsne normal to hinge
line, degrees

l%ch nunher

Reynolds number based on

win+orsimal+tiffness

—

.—

average exposed wing

parameter .;

mgle of twist produoed by m at any section
in plane parallel to model center line and
chord plane, radians

chord of O.~~ foot

—

EiLongwing span
normal to wing

concentrated couple applied near wing t~p in plane psmXLlel to
model center line and normal to w&j chard’plane, inc~pounds

TEST VEEKLE3 AND TESTS
..

The general arrangement of the test vehicles is shown in figures 1
and 2. Additicmal ird?ormatim pertinent to thq ’testvehicles is given
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in table I. The wings and fuselage of the test :vehiclesare.constm@ed a

mainly of wood. The wi~ileron configuration:underinvestigation is
attached to the rearwsrd portion of the fuselage in a three-wing exm.nge-
ment. It should be noted that unpublished tes@ of three_nd four wing
configurat”i.onsindicate that, with regard to ro~lrig-effectiveness
characteristics, the interference effects between the W@S are n@.Q@~le. _

The wings are stiffened by means of steel plates cycle-welded into
the upper and lower surfaces as shown In figure-l. The niqasuredtorsionaJ.–
stiffness characteristics of the wings are shown in the c_yrvesof figure 3.
The degree of whgtorsional stiffness igdicat~ by the curves of fi~e ?.
has beetishown by tests reported in reference 2:to be sufficient to
reduce the effects of wing twisting to”a .negl’igi%le~~t. ..

—

—.
—

The test vehicles are proyelled by a two-stage rocke_&propulsion
system to a Kkch nuniberof 1.9. During coasting flight following burnou-
of the rocket motor, time histories of the rolling velocitY Pr~UC* bY
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NACA RM No. L8E25

The results of the present investigation are shuwn in ftgure 5 as

.

curves of ~ @ ~ as functions of Mach nmiber.

--

As shown in figure 5, the w~i.leron rolling effectiveness
decreased with increasing Mach numler ~ the Mach nuaiberrange from
abat 0.62 to almut 0.90 f-orboth 5° aml 10° a~lercm deflections.
With 5° deflection, the effectiveness was reduced almuptly in the Mach
number range from about 0.90 to 0.94 and was reversed from kch number
0.94 to a%out 1.0, at which Mach number the effectiveness again became

- positive. With 10° def’lecticmno reversal of @leron effectiveness was
obtained.

—
..

h an effort to develop a w~ileron configurationwhich would not
be sub~ect to reversal of effectiveness at trtionic spe~s, an extensive
investigation of a semispan model of the wing used in the present tests
has %een conducted in the Langley hi-peed y-by l&foot tunnel using

—

the “bump” technique. !L!hesetests are described in reference 3. Several
modifications to the or~ghal aileron configurationwere developed which
produced positive rolling moments for ECU deflections at transonic speeds.
Eecause of the difficulty of estimating the dampi~~oll coefficient
in the Mach nuniberrange of the “bump” tests, no attempt has been made
to correlate the results of the present flighttests and the “bump” tests.

Also shown in figure ~ is the rolling+ffectiveness parameter ~
.

calculated from static ailercm rolli~nt measurements in the Langley
9-by l>fnch supersonic blowdown tunnel of a semispsn model of the wing
used in the present tests. The wind-tunnel tests ere made at a kch

znmiber of 1.9 end at a Reynolds number of 2.2 x 10 . Zn calculating *
4

from the wind-tunnel results a dampi~ir+roll ’coefficientof ,4.31 wa;’
.-.

used. This value is from unpublished work of the stability analysis
section of-the Langley Laboratory utillzhg’~thtis based on the linear-
ized supersonic-flow equations. Good agreement exists between the tunnel
and the yresent free-flight tests.

Langley Aeronautical Labaratary
National Advisory Committee for Aeronautics

Iangley Field, Va.
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TABLEI

GEOMETKIC CHARACI!ERIS3!ICSOil’‘I!W31TEEICIJ?S

Total exposed wingarea, sq ft . . . . . . .. . .. ~... .

Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .

Taper ratio . . . . . . . . . . . . . . . .. . . . . .. . . . .

Sweepback of fig leading edge, deg . . . . .. . . . . ~ . . . .

Sweepback of wing trailing edge, deg . . . . . ... . ~ . . . .

Ratio ofa31eron chord tow@g chord . . . . . . . . . . . . .

‘Ratioofaileron span towing span . . . . . . . . . . ...*

Angle between upper and lower wing surfaces at trailing edge
iueasuredin plane normal to quarter-chord line, deg . . . .

Angle between upper and lower wing surfaces at trailing edge
measured in plane perallel to test-vehicle.center l@e, deg

Moment of tiertia about roll ads, slug-ft2 . . . . . . . . . .

1.563
—

~4 ,0
—

30.5

O*2O —

.

.
22.6 .J

21.7

0.0556

aObtained by extending leading edge and trailing edge to center line of
test vehicle. ‘~~ ‘-– ;
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Figure 2.- Photograph of test vehicle. =z?=
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